Abstract. The effects of a probiotic (protexin), a medicinal plant (basil essential oil) and an antibiotic growth promoter (avilamycin) as broiler feed additives on performance, carcass characteristics and some blood parameters of broilers were studied. A total of 600 Arian broilers were divided into six treatments, with four replicates of 25 birds. Treatments were a plant essential oil in three levels (200, 400 and 600 ppm), the probiotic (150 ppm), the antibiotic (150 ppm) and a control group with no additives. Birds in different treatments received the same diets during the experimental period. Growth performance, blood biochemical parameters and carcass traits were measured. There were no effects of dietary treatment on body weight gain, feed intake and feed conversion ratio of the broilers. Internal organ weights and carcass characteristics were not influenced by treatments; however, 200 ppm basil essential oil supplementation decreased abdominal fat (P < 0.05). Biochemical parameters including serum low-density lipoprotein (LDL), high-density lipoprotein (HDL) and total cholesterol were not statistically influenced. However, addition of 400 ppm basil essential oil into diet increased serum triglyceride as compared to the control (P < 0.05). Results of this experiment demonstrated that the herbal natural feed additives such as basil may be used as alternatives to an antibiotic growth promoter without any adverse effects on broiler production.
Introduction
With the development and wide use of synthetic and semisynthetic antibiotics, pros and cons have been experienced throughout the last 50 years which have directed research back to natural antimicrobial products as indispensable resources (Lavinia et al., 2009) . Consequently, the use of antibiotics for broilers has been limited in the European Union to only four antibiotics that are not associated with human treatment. They are avilamycin and flavophospholipol as growth promoter additives and salinomycin sodium and monensin sodium as coccidiostats (Hernandez et al., 2004) .
Avilamycin is an oligosaccharide antibiotic of the orthosomycin group. Avilamycin is rapidly and extensively metabolized by the gastrointestinal tract and can be used in broilers without the need for a preslaughter withdrawal period (Wellenreiter et al., 2000) . There are several proposed mechanisms for the performance-enhancing effects of avilamycin. Some of the mechanisms revolve around a glucosesparing effect, a reduction in lactate production, and increased volatile fatty acid production and absorption in the lower gut of the broiler (Wellenreiter et al., 2000) . Probiotics and essential oils are the most promising alternatives to antibiotics. Probiotics are live microbacteria, and their fermentation products beneficially reduce the undesirable mi-croflora population in the gastrointestinal tract of chicks (Chiang and Hsieh, 1995; Khan et al., 2012; Dhama et al., 2015) . It has been reported that probiotics benefit the host animal by stimulating synthesis of B-group vitamins, improving immunity stimulation, preventing harmful microorganisms, providing digestive enzymes and increasing the production of volatile fatty acids (Fuller, 1989) . Another antibiotic alternative is essential oils, which are being used as feed supplements to improve growth performance and the microbial habitat of domestic animals and to manipulate gut functions. Volatile oils found in plants can inhibit the activity of the liver enzyme (HMG-CoA reductase) that regulates the amount of synthesized cholesterol and thus reduce its blood levels (Bolukbasi et al., 2008) . According to Case et al. (1995) , a 5 % reduction of HMG-CoA reductase lowered serum cholesterol by 2 % in poultry. Qureshi et al. (1983) reported a correlation between HMG-CoA reductase activity and either total or low-density lipoprotein (LDL) cholesterol in chickens, but not with high-density lipoprotein (HDL) cholesterol. It has been reported that, when cockerels are fed dietary limonene at levels of 25-100 ppm for 26 days, hepatic HMG-CoA reductase activity and serum cholesterol show a dose-dependent decrease, whereas hepatic fatty acid synthetase activity was unaffected (Qureshi et al., 1983) .
Essential oils are composed of a complex mixture of active substances extracted from plants through a steam distillation process or generated via chemical synthesis (Traesel et al., 2011) .
Basil (Ocimum basilicum), also known as sweet and garden basil, a member of the Lamiaceae family, is commonly cultivated throughout the Mediterranean region (Abbas, 2010) . The leaves and flowering tops of sweet basil are used as a carminative, galactogogue, stomachic and antispasmodic in folk medicine (Sajjadi, 2006) . However, recently the potential uses of O. basilicum essential oils, particularly as antimicrobial and antioxidant agents, have also been investigated. The chemical composition of basil oil has been the subject of a considerable number of studies. There is extensive diversity in the constituents of the basil oils, and several chemotypes have been established from various phytochemical investigations (Sajjadi, 2006) . However, methyl chavicol, linalool, methyl cinnamate, methyl eugenol, eugenol and geraniol are reported as major components of the oils of different chemotypes of O. basilicum (Sajjadi, 2006) . Several studies have demonstrated that the supplementation of avilamycin or probiotics in broiler diets increased growth performance and reduced diseases and management problems (Wellenreiter et al., 2000; Vahdatpour et al., 2011; Yakhkeshi et al., 2011) . Also, many studies have also been conducted on the effects of dietary essential oils or combinations on the performance of poultry, but with varying and conflicting results. While some reports (Alcicek et al., 2003; Brenes and Roura, 2010; Bozkurt et al., 2012) have demonstrated that essential oils improved animal performance, some researchers (Lee et al., 2003a, b; Botsoglou et al., 2003 Botsoglou et al., , 2004 have reported that these additives were not effective in this regard. Besides that, essential oils enhance production of digestive secretions, stimulate blood circulation, exert antioxidant properties, reduce levels of pathogenic bacteria and may enhance immune status (Hosseini et al., 2013a) . The aim of the present study was to investigate and compare the effects of an essential oil (basil), an antibiotic (avilamycin) and a probiotic (protexin) on performance, blood biochemistry and carcass characteristics in broilers.
Materials and methods
Six hundred 1-day-old broiler chicks (Arian strain) were purchased from a local hatchery. On arrival birds were weighed and randomly assigned to one of six treatments with four replicates of 25 birds based on a completely randomized design. The dietary treatments consisted of the basal diet as control and five test diets containing 150 ppm avilamycin as an antibiotic; l50 ppm protexin as a probiotic; and 200, 400 and 600 ppm basil essential oil. Protexin is a mixture of advantageous bacteria containing Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus rhamnosus, Lactobacillus bulgaricus, Streptococcus thermophilus, Aspergillus oryzae, Bifidobacterium bifidum, Enterococcus faecium, and Candida pintolepesii, with a minimum of 6 × 10 7 cfu g −1 of product. Table 1 lists the basal diet formulated to meet or exceed the nutrient requirements of broilers provided by the Arian broiler manual. Chicks were raised on floor pens (120 × 120 × 80 cm) for 6 weeks and had free access to food and water through the entire experimental period (1-42 days). The uniform light was provided 24 h per day. The ambient temperature was gradually decreased from 33 to 25 • C on day 21 and was then kept constant. The basil essential oil was obtained from Ayat Esans Company (Tehran, Iran). The oil obtained was immediately analyzed using gas chromatography-mass spectrometry (GC-MS) to identify the chemical constituents present in the essential oil. Table 2 shows the composition of basil essential oil and the amount of each component.
Animal performance
Measurements of broiler performance including body weight gain, daily feed consumption, feed conversion ratio and mortality were determined. The body weight of birds per replicate was recorded on an individual basis at weekly intervals and cumulatively. The feed consumption per replicate was recorded on a weekly basis and cumulatively. The feed conversion ratio per replicate was calculated at weekly intervals by taking into consideration the weekly body weight gain and the feed consumption of the respective replicate. Feed intake and the feed conversion ratio were adjusted for mortality. 
Blood biochemistry
Serum biochemical parameters were examined at 42 days of age. After 12 h without feeding, blood samples were collected in nonheparinized tube from eight birds in each treatment by puncturing the brachial vein and the blood was centrifuged at 2000 × g for 15 min to obtain serum. Individual serum samples were analyzed for total cholesterol, HDL, LDL, and triglyceride using an automatic analyzer (Alcyon 300, Abbott Park, USA) and the kit package manufactured by Pars Azmoon Company, Tehran, Iran. 
Carcass characteristics
Forty-eight broilers (four males and four females each group) were sampled randomly for carcass evaluations at 42 days of age, slaughtered and weighed. Their feathers were plucked and the carcasses gutted by hand. The whole carcass, breast, thigh, abdominal fat pad, empty gizzard, liver, and heart were excised and weighed individually. The carcass yields were calculated as a percentage of the preslaughter live body weights of broiler chickens. The weights of these internal organs were expressed as a percentage of live body weight. Data from all response variables were subjected to oneway analysis of variance by applying the SAS program (SAS, 2005) using a general liner model (GLM). Significant differences among treatment means were separated using Tukey's test (Tukey, 1949) at 5 % probability.
Results

Broiler performance
The results for body weight gain, feed intake and feed conversion ratio of the broilers are presented in Table 3 . These results suggested that the supplementation of starter and grower diets with basil essential oil, protexin and avilamycin had no significant effect on feed intake. Additionally, body weight gain was similar among all treatments between different periods. There were no differences in feed conversion ratio between treatments.
Blood biochemistry
The effects of treatments on triglyceride, total cholesterol, and high-and low-density lipoproteins are illustrated in Table 4. Addition of basil essential oil to diet did not affect serum cholesterol or high-and low-density lipoproteins, but feeding 400 ppm basil essential oil resulted in a marked increase in the concentration of the triglyceride (P < 0.05) in comparison to the control group.
Carcass traits
Results of experiment indicated that carcass yields and the fresh and relative weights (g) of the breast, thigh, gizzard, liver and heart of broilers at 42 days were not affected by dietary treatments (Table 5 ). In contrast, the abdominal fat decreased with incorporation of 200 ppm basil essential oil (P < 0.05) when compared to antibiotic treatment.
Discussion
Broiler performance
Essential oil fed to broilers gave live performance levels similar to those of the antibiotic growth promoter and probiotic, results that agree with Gunal et al. (2006), Hosseini et al. (2013a) and Azadegan Mehr et al. (2014) . Although it was expected that supplementing the dietary herbs would stimulate the growth performance of broilers, research on herbal plant extracts has yielded contradictory outcomes. In con- Means within a column with no common letters are significantly different (P < 0.05). * BEO: basil essential oil.
trast to our result, Abbas (2010), Osman et al. (2010) and Onwurah et al. (2011) reported that addition of basil leaf and seed to the diet had a beneficial effect on feed intake, body weight gain and feed conversion ratio. In the present study, results agreed with the finding of Nweze and Ekwe (2012) , who found no difference in the performance of broilers when basil extract was supplemented in diets. Antibiotics, such as avilamycin, at growth-promoting levels have been shown to improve the growth and feed efficiency of chickens (Wellenreiter et al., 2000; Yakhkeshi et al., 2011) . But our results are in agreement with those Ceylan and Ciftci (2003), Gunal et al. (2006) and Eseceli et al. (2010) , who reported that the supplementation of a probiotic or an antibiotic growth promoter did not have any effect on weight gain and feed conversion ratio. The results showed that probiotics did not have any significant effect on performance in different periods. According to Nunes et al. (2012) , probiotics do not always have positive outcomes in relation to weight gain and feed conversion of poultry; this is due to several variables, such as poultry health, duration of poultry house downtime and environmental contamination levels.
In general, the lack of significant influence of the additives on performance could be attributed to the composition of the basal diet and/or the environmental conditions. Our trial was performed under ideal conditions and the diet fed in different periods consisted of highly digestible ingredients, so bacterial growth in the intestine may have been limited. As a result of this, the growth promotion may have been affected.
Blood biochemistry
Serum biochemistry is a labile biochemical system which can reflect the condition of the body and the changes happening to it under the influence of internal and external factors. It is possible that both the short feeding period and the relatively low doses may have been implicated in the failure of basil essential oil to reduce plasma triglyceride and cholesterol level. Furthermore, it is well known that the absence or presence of cholesterolemic effects of dietary components in an animal depend on various factors such as breed, gender and age, and also on the composition of the feed (Toghyani et al., 2010) .
These findings concur with the data of Demir et al. (2005) , who indicated that the supplementation of dietary thyme powder (1 g kg −1 ) for 42 days numerically increased plasma cholesterol and triglyceride levels compared to the control. Osman et al. (2010) reported that feeding dietary basil leaf powder for 42 days did not significantly influence the plasma cholesterol and triglyceride level in broilers. However, Abbas (2010) reported that feeding dietary basil seed (3 g kg −1 ) significantly reduced the plasma cholesterol level in broilers. The results obtained do not agree with those reported by Azadegan Mehr et al. (2014) and Hosseini et al. (2013b) , who found that adding protexin to broilers' rations significantly decreased plasma total cholesterol. Eslami et al. (2010) and Hosseini et al. (2013a) added avilamycin to the diets of broilers and reported that no significant differences in plasma lowand high-density lipoprotein, total cholesterol or triglyceride were observed. Our results are in agreement with previous studies.
Carcass traits
Similar to our findings, Hernandez et al. (2004) found no differences in gizzard, liver and pancreas weights of broiler chickens fed with wheat-soybean-meal-based diets supplemented with plant extracts from the Labiatae family compared to the avilamycin group. Also, our findings on carcass traits are in agreement with those of Osman et al. (2010) , who did not report any significant influence of dry basil leaf supplement on the relative weights of the gizzard, liver, heart and carcass at slaughter age in broilers. In another previous experiment, Abbas (2010) reported that organ weights and carcass characteristics were not affected by supplementing diet with 3 g kg −1 basil seed. This result is in agreement with the results of Ceylan and Ciftci (2003) , Chowdhury et al. (2009) and Eseceli et al. (2010) , who reported that there was no significant effect on carcass weight in broiler chicks fed a diet supplemented with avilamycin. Similarly, Saleh (2014) reported that supplementation with avilamycin did not significantly affect the liver weight of broilers.
Results showed that probiotic did not have any significant effect on carcass weight, abdominal fat and internal organs weight percentage (liver, heart and gizzard). Azadegan Mehr et al. (2014) found no significant differences in carcass traits among a medicinal plant group, a probiotic group, and a control group. Similar results were observed in the study of Nunes et al. (2012) with addition of probiotics to broiler diets. Antimicrobial properties of basil essential oil ingredients such as methyl chavicol and α-pinene have been shown in various papers (Sokovic and van Griensven, 2006; Hanif et al., 2011) . Given that most of the components of basil essential oil used in this study are comprised of methyl chavicol and α-pinene, therefore, we can attribute the reduction in abdominal fat to the antibacterial effect of basil essential oil. Studies have shown that reducing the population of harmful bacteria prevents the breakdown of feed amino acids and proteins in the gut, and with better absorption, amino acids used in the synthesis of proteins, and with their accumulation in the breast and thigh, improve their weights (Lee et al., 2003a) . In this study, 200 ppm basil essential oil, in addition to reducing the relative weight of abdominal fat, increases the relative weights of thigh and breast.
Conclusions
The results of the present study showed that an antibiotic growth promoter (avilamycin), a probiotic (protexin) and essential oil (basil) treatments in broiler diets have no beneficial effects on the growth performance of broilers, probably due to low levels applied or the composition of basal diet and hygienic conditions of the experiment. Also, dietary supplementation with basil essential oil decreased abdominal fat and did not induce any adverse effects on chicks' lipid profiles. Therefore, future research efforts should continue to evaluate the effectiveness of the dietary herbal growth promoters and their specific effects on performance and blood parameters.
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